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SEMICONDUCTOR DEVICE, 
MANUFACTURING METHOD THEREOF, 

AND ELECTRONIC APPARATUS 

TECHNICAL FIELD 

The present invention relates to Semiconductor devices 
and methods of manufacturing the same. In particular, the 
present invention relates to a Semiconductor device com 
prising elements, each having a photogate for converting 
light into an electric charge integrated with a transistor for 
transferring the electric charge. The elements are formed in 
a Semiconductive layer which is deposited on an insulating 
layer to form a substrate, such as an SOI substrate, which is 
formed by depositing a Silicon layer on an insulating layer. 
The present invention also relates to a method of manufac 
turing the Semiconductor device and electronic apparatuses. 

BACKGROUND ART 

Elements, each having a structure in which a photogate 
and a MOS transistor are integrated with each other, have 
been recently used as a Semiconductor device for transfer 
ring light as electrical Signals. These elements are integrated 
on a bulk Silicon Substrate to form a Semiconductor device 
in which the photogate converts absorbed light into an 
electric charge and in which the MOS transistor transfers the 
converted electric charge as an electrical Signal. In this 
instance, in order to Separate the elements, p-n junctions are 
formed in the Silicon Substrate and reverse bias Voltage is 
applied to the p-n junctions to prevent current from flowing 
between the n-type areas. 

SUMMARY OF THE INVENTION 

In the case of an integrated circuit (IC) or a large-scale 
integration (LSI) circuit, transistors are densely integrated to 
highly integrate Semiconductor elements; however, the ele 
ments directly formed in the bulk silicon Substrate allow 
considerable junction leakage current to occur between a 
Silicon layer and a Source connected to the output circuit or 
between the Silicon layer and a drain. The leakage current 
acts as dark current which causes noise, thereby lowering the 
S/N ratio and the dynamic range. Also, the elements directly 
formed in the bulk silicon Substrate are likely to allow 
high-energy incident light to deeply penetrate the Silicon 
layer, thereby causing an electron-hole pair. If this electric 
charge intrudes into the photogate adjoining thereto, no 
accurate correlation between the incident light and the 
electrical Signal is exhibited. 

The inventors have considered that a Semiconductor 
device comprising elements formed in a Semiconductive 
layer which is deposited on an insulating layer to form a 
substrate, such as an SOI substrate, which is formed by 
depositing an insulating layer and a Silicon layer on a bulk 
Silicon Substrate in that order, would lead to a Solution to 
those problems. 

Specifically, it is expected that forming elements, each 
having the photogate integrated with the MOS transistor, 
allows the considerable leakage current to be lowered and 
prevents the electric charge caused by the high-energy 
incident light from intruding into the photogate, in the SOI 
Substrate or the like. 

Accordingly, it is an object of the present invention to 
provide a Semiconductor device comprising elements, each 
having a photogate integrated with a MOS transistor, in a 
SIO substrate or the like, a method of manufacturing the 
Same and electronic apparatuses. 
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2 
To this end, a first Semiconductor device of the present 

invention provides a Semiconductor device comprising 
elements, each having a photogate for converting light into 
an electric charge integrated with a MOS transistor for 
transferring the electric charge. The elements are formed in 
a Semiconductive layer which is deposited on an insulating 
layer to form a Substrate. The thickness of the Semiconduc 
tive layer forming the photogate is larger than that of the 
semiconductive layer forming the MOS transistor. 
By forming the elements, each having a photogate inte 

grated with a MOS transistor, in a Semiconductive layer 
which is deposited on an insulating layer to form a Substrate, 
Such as an SOI, junction leakage current flowing between 
the Source or the drain of the MOS transistor and the 
Semiconductive layer is reduced, and consequently the S/N 
ratio and the dynamic range can be improved. 

Also, by forming the Semiconductor device in a Semicon 
ductive layer which is deposited on an insulating layer to 
form a Substrate, electric charge generated by light is pre 
vented from deeply penetrating the Semiconductive layer, 
and consequently the electric charge can be efficiently 
collected. 

Furthermore, by forming the Semiconductive layer form 
ing the photogate So as to have a thickness larger than that 
of the semiconductive layer serving as the MOS transistor, 
the Semiconductive layer can have thicknesses Suitable for 
the photogate and the MOS transistor. 

Thus, the phototransformation efficiency of the photogate 
and the Switching-speed performance of the MOS transistor 
are effectively improved. 
The Semiconductor device of the present invention may 

be formed by preparing elements in a Semiconductive layer 
which is deposited on an insulating layer to form a Substrate. 
Alternatively, the semiconductor device may be formed by 
preparing the elements in a Semiconductive layer provided 
on another Substrate, by removing the Semiconductive layer 
from the Substrate, and by putting the removed Semicon 
ductive layer on an insulating layer. 

In the Semiconductor device described above, the Semi 
conductive layer forming the photogate may be in contact 
with the Source area of the MOS transistor. 

By forming the Semiconductor device Such that the Semi 
conductive layer forming the photogate comes into contact 
with the Source area of the MOS transistor, the electric 
charge converted by the photogate is quickly transferred to 
the Source area of the MOS transistor, and thus the electric 
charge can be efficiently transferred. 

Furthermore, the Substrate of the semiconductor device 
described above may be an SOI substrate formed by depos 
iting a Silicon layer on an insulating layer. 
A first manufacturing method of a Semiconductor device 

according to the present invention is a method of forming a 
Semiconductor device comprising elements, each having a 
photogate for converting light into an electric charge inte 
grated with a MOS transistor for transferring the electric 
charge. The method comprises a step of preparing an SOI 
Substrate formed by depositing a Silicon layer on an insu 
lating layer. A step of oxidizing the Silicon layer deposited 
on the insulating layer is performed. In this Step, the Silicon 
layer is provided with an oxidation-resistant pattern thereon 
So as to cover the area for forming the photogate and to 
expose the area for forming the MOS transistor. The method 
also comprises a step of removing the Silicon oxide layer 
formed by the oxidation. Thus, the area for forming the 
photogate has a Silicon layer with a large thickneSS and the 
area for forming the MOS transistor has a silicon layer with 
a Small thickness. 
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The method of manufacturing a Semiconductor device 
includes the Step of preparing an SOI Substrate formed by 
depositing a Silicon layer on an insulating layer, and the 
elements, each having a photogate integrated with a MOS 
transistor. As a result, Semiconductor devices capable of 
effectively avoiding problems caused by forming elements 
on a bulk silicon Substrate can be manufactured. 

Also, the method includes Steps of oxidizing the Silicon 
layer which is deposited on the insulating layer and on which 
an oxidation-resistant pattern is provided So as to cover the 
area for forming the photogate and to expose the area for 
forming the MOS transistor and of removing the silicon 
oxide layer formed by the oxidation. Thus, the silicon layer 
can readily have different thicknesses So that the Silicon 
layer has Suitable thicknesses to Serve as the photogate and 
the MOS transistor. 

An electronic apparatus of the present invention com 
prises the Semiconductor devices arranged in a matrix. 

By arranging the Semiconductor devices described above 
in a matrix, microscopic elements can be integrated on a 
plane Surface, and thus the electronic apparatus can receive 
two-dimensional optical images. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary Sectional view showing part of the 
manufacturing process of a Semiconductor device according 
to an embodiment of the present invention. 

FIG. 2 is a fragmentary Sectional view showing part of the 
manufacturing process of a Semiconductor device according 
to an embodiment of the present invention. 

FIG.3 is a fragmentary Sectional view showing part of the 
manufacturing process of a Semiconductor device according 
to an embodiment of the present invention. 

FIG. 4 is a fragmentary Sectional view showing part of the 
manufacturing process of a Semiconductor device according 
to an embodiment of the present invention. 

FIG. 5 is a fragmentary sectional view showing part of the 
manufacturing process of a Semiconductor device according 
to an embodiment of the present invention. 

FIG. 6 is a fragmentary Sectional view showing part of the 
manufacturing process of a Semiconductor device according 
to an embodiment of the present invention. 

FIG. 7 is a fragmentary sectional view showing part of the 
manufacturing process of a Semiconductor device according 
to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

An embodiment of the present invention will now be 
described with reference to drawings. FIGS. 1 to 7 are 
fragmentary Sectional views showing part of the manufac 
turing process of a Semiconductor device according to the 
embodiment of the present invention. 

First, a completed semiconductor device 1 will be briefly 
described. As shown in FIG. 7, the semiconductor device 1 
is formed in an SOI substrate 20 formed by depositing an 
insulating layer 3 formed of Silicon oxide and a thin Silicon 
layer 4 on a thick p-type Silicon Substrate 2 in that order. The 
Silicon layer 4 can Serve as a photogate 1a for converting 
absorbed light into an electric charge and a MOS transistor 
1b for transferring the electric charge. The area of the Silicon 
layer 4 Serving as the photogate 1a has a thickness larger 
than that of the area of the silicon layer 4 serving as the MOS 
transistor 1b. 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
The silicon layer 4 is covered with a gate oxide 7. Gate 

electrodes 9a and 9b are formed of polycrystalline silicon on 
the gate oxide layer 7 corresponding to the photogate 1a and 
the gate 10 of the MOS transistor 1b. The gate electrodes 9a 
and 9b are covered with a first insulating layer 13 formed of 
silicon oxide. The first insulating layer 13 is provided with 
contact holes extending to the gate electrodes 9a and 9b of 
the photogate 1a and the MOS transistor 1b. Aluminum is 
evaporated in the contact holes to Serve as wiring metals 14. 
A second insulating layer 15 formed of silicon oxide, which 
is the same material as the first insulating layer 13, Overlies 
the first insulating layer 13. The second insulating layer 15 
is provided with additional aluminum wiring metals 14 
thereon, and then is covered with a silicon nitride passiva 
tion layer 16 for protecting the Second insulating layer 15. 
The area forming the photogate 1a in the Silicon layer 4 is 
in contact with the Source 11 of the MOS transistor 1b. 
An example of a method of manufacturing the Semicon 

ductor device 1 will now be described. 

First, as shown in FIG. 1, the thin silicon layer 4 is 
deposited on the Silicon oxide insulating layer 3 formed on 
the thick p-type silicon Substrate 2 to prepare the SOI 
substrate 20. The SOI substrate may be a commercially 
available product. Next, an oxidation-resistant Silicon nitride 
layer 5 is deposited on the entire SOI substrate 20. Then, the 
Silicon nitride layer is patterned So as to only cover the area 
for forming the photogate 1a and to expose the area for 
forming the MOS transistor 1b, and is oxidized. 
AS a result, and as shown in FIG. 2, the Silicon nitride 

layer 5 prevents oxygen from diffusing into the Silicon layer 
4 covered therewith, so that the covered area of the silicon 
layer 4 is hardly oxidized, whereas the exposed area of the 
silicon layer 4 is oxidized to form the thick silicon oxide 
layer 6. Then, the silicon nitride layer 5 and the silicon oxide 
layer 6 are removed by wet etching, and thus in the Silicon 
layer 4 the area for forming the photogate 1a can have a 
large thickness and the area for forming the MOS transistor 
1b can have a Small thickness. For example, the photogate 
1a and the MOS transistor 1b may have thicknesses of 1 um 
and 1000 A. respectively. 

Next, as shown in FIG. 3, the SOI substrate is provided 
with another silicon nitride layer 5 so as to cover both areas 
for forming the photogate 1a and the MOS transistor 1b, and 
is oxidized to form a thick LOCOS layer 60 (FIG. 4), which 
is formed of Silicon oxide. Thus, the photogate 1a and the 
MOS transistor 1b are separated from the other area (not 
shown in the drawings) to form an element-forming area 1c. 

Turning to FIG. 4, the thin gate oxide layer 7 is formed of 
Silicon oxide on the entire element-forming area 1c formed 
in the step shown in FIG. 3. Then, a resist 8 is patterned by 
known lithography So as to cover the area for forming the 
photogate 1a and to expose the area for forming the MOS 
transistor 1b, and Subsequently BF ions are implanted to 
form an n-type area. 

In this instance, a p-diffusion Zone is formed in the Silicon 
layer 4 in the area for forming the MOS transistor 1b to serve 
as the gate 10 (FIG. 5). 

Next, as shown in FIG. 5, the polycrystalline silicon layer 
9 is deposited on the entire thin gate oxide layer 7, which is 
formed in the step shown in FIG. 4, by a known CVD 
method. At this point, a gas containing phosphorus is 
introduced concurrently with the thermal decomposition of 
SiH used in the CVD method to lower the resistance of the 
gates 1a and 10. Then, the resist (not shown in the drawings) 
is patterned in the same manner as the Step shown in FIG. 
4 So as to cover the areas for forming the photogate 1a and 
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the gate 10 of the MOS transistor 1b and to expose the areas 
for forming the source 11 and the drain 12 of the MOS 
transistor, and Subsequently dry etching is applied. 

Then, the polycrystalline silicon layer 9 is formed in the 
areas corresponding to the photogate 1a and the gate 10 of 
the MOS transistor 1b to serve as the gate electrodes 9a and 
9b of the photogate 1a and the MOS transistor 1b. 

After removing the resist, phosphorous ions are implanted 
to form the n-type area. As a result, while the areas forming 
the photogate 1a and the gate 10 of the MOS transistor 1b 
are not infused with the phosphorous ions because the 
polycrystalline Silicon layer 9 Serves as a mask, the areas for 
forming the source 11 and drain 12 of the MOS transistor 1b, 
on which the polycrystalline silicon layer 9 is not formed, 
turn to n-diffusion Zones. 

When the n-diffusion zones are subjected to activation 
lamp annealing, the crystallinity of the SOI substrate 20 
which is destroyed by the ion implantation is recovered and 
phosphorous ions are activated. As a result, free electrons 
and holes Serve as carriers. 

Turning to FIG. 6, the first insulating layer 13 formed of 
silicon oxide is deposited on the gate electrodes 9a and 9b, 
which are formed in the step shown in FIG. 5. The first 
insulating layer 13 is provided with the contact holes for 
wiring the gate electrodes 9a and 9b of the photogate 1a and 
the MOS transistor 1b. First, a resist (not shown in the 
drawings) is patterned in the same manner as shown in FIG. 
4 So that the areas of the first insulating layer 13 correspond 
ing to the gate electrodes 9a and 9b and to the drain 12 of 
the MOS transistor 1b, in which the contact holes will be 
provided, are exposed. Subsequently, dry etching is applied 
to remove the areas of the first insulating layer 13 corre 
sponding to the gate electrodes 9a and 9b and to the drain 12 
of the MOS transistor 1b. After removing the residual resist, 
aluminum is evaporated in the contact holes to Serve as 
wiring metals 14. 

Next, as shown in FIG. 7, the second insulating layer 15 
formed of Silicon oxide is deposited on the first insulating 
layer 13 in the same manner as the step shown in FIG. 6. 
After an aluminum layer for Serving as the wiring metals 14 
is evaporated on the Second insulating layer 15, only the 
wiring metals 14 are formed by etching. Then, the Silicon 
nitride passivation layer 16 is deposited as a top layer to 
protect the Second insulating layer 15 composed of the 
Silicon oxide. Thus, the Semiconductor device 1 comprising 
elements, each having the photogate 1a integrated with the 
MOS transistor 1b, are completed. 
When the semiconductor device 1 receives light as volt 

age is applied to the gate electrode 9a of the photogate 1a, 
the Semiconductor device 1 generates an electric charge in 
the photogate 1a according to the intensity of the light. The 
electric charge generated in the photogate 1a is transferred 
from the source 11 of the MOS transistor 1b and is output as 
an electrical signal from the drain 12 of the MOS transistor 
1b by applying voltage to the gate electrode 9b of the MOS 
transistor 1b. 
By forming elements in the SOI substrate 20 formed by 

depositing the Silicon layer 4 on the insulating layer 3, 
negligible junction leakage current, or dark current, flows in 
the Semiconductor device 1, and consequently the S/N ratio 
and the dynamic range can be improved to prevent noise. 
Also, Since the elements are closely arranged, high integra 
tion of the Semiconductor elements can be effectively 
achieved. 

Forming elements in the SOI substrate 20 prevents an 
electric charge from intruding into the adjoining photogate 
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6 
1a because even high-energy incident light travels through 
the Silicon layer 4 to be ionized in the insulating layer 3. 
Thus, the contrast of an incident image and the phototrans 
formation efficiency are improved. 

In addition, by forming the Silicon layer 4 on the insu 
lating layer 3 So as to have thicknesses Suitable for the 
photogate 1a and the MOS transistor 1b, the photogate 1a 
can efficiently convert light into an electric charge and the 
MOS transistor 1b can efficiently output the electric charge 
as an electrical Signal. Thus, the charge-transfer efficiency 
from the photogate 1a to the MOS transistor 1b is improved. 

Furthermore, by forming the silicon layer 4 for forming 
the photogate 1a So as to be in contact with the Source 11 of 
the MOS transistor 1b, the electric charge converted by the 
photogate 1a can be efficiently transferred to the MOS 
transistor 1b. 

In this instance, Since the contact hole connecting to the 
photogate 1a is not provided at the top but at an end of the 
photogate 1a, it can be formed together with the contact 
holes of the MOS transistor 1b by etching in the same step, 
thus improving the processing efficiency. 

Furthermore, by arranging the elements, each having the 
photogate 1a integrated with the MOS transistor 1b, in a 
matrix, microscopic elements can be integrated in a planar 
manner and two-dimensional optical images can be 
received. Thus, the image quality of electronic apparatuses 
Such as a copier and a Scanner can be improved. 
While the silicon layer 4 forming the photogate 1a has a 

thickness of 1 um and the silicon layer 4 forming the MOS 
transistor 1b has a thickness of 1000 A in the present 
invention, those thicknesses are not limited as long as the 
silicon layer 4 can serve as the photogate 1a and the MOS 
transistor 1b. 
The conformations of the insulating layers 3, 13, and 15, 

the oxidation-resistant layer 5, wiring metals 14, gate elec 
trodes 9, and the passivation layer 16, and others are not 
limited as long as they are formed of the materials having the 
Same functions as the materials used in the above described 
embodiment. 

In this embodiment, the SOI substrate 20 formed by 
depositing the Silicon layer 4 on the insulating layer 3 is 
used. Another Semiconductor may be deposited on the 
insulating layer 3 instead of the Silicon layer 4. Also, while 
Silicon oxide is used for the insulating layer 3 in the 
embodiment, alternatively another insulative material Such 
as Sapphire may be used for the insulating layer. 
Advantages 
AS described above, by forming the elements, each having 

the photogate integrated with the MOS transistor, in a 
Semiconductive layer which is deposited on an insulating 
layer to form a Substrate, Such as the SOI Substrate, consid 
erable junction leakage current, which travels through the 
elements, can be reduced. Also, Since the electric charge 
generated by light is prevented from deeply penetrating the 
Semiconductive layer, the electric charge can be efficiently 
collected. Contributing to the high integration of the Semi 
conductor elements, therefore, the high-Sensitive, electric 
power-saving Semiconductor devices can be achieved. 

Also, by forming the Semiconductive layer for forming 
the photogate So as to have a thickness larger than that of the 
semiconductive layer for forming the MOS transistor, the 
Semiconductive layer can have thicknesses Suitable to Serve 
as the photogate and the MOS transistor. Thus, high 
Sensitive, electric-power-saving Semiconductor devices 
comprising the photogate having a high phototransformation 
efficiency and the MOS transistor having a high Switching 
Speed performance can be achieved. 
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In particular, by forming the Semiconductive layer form 
ing the photogate So as to be in contact with the Source area 
of the MOS transistor, an electric charge can be efficiently 
transferred, and thus electric-power-Saving Semiconductor 
devices having a high Switching-speed performance can be 
achieved. 

In addition, by Oxidizing the Silicon layer which is depos 
ited on the insulating layer and which is provided with the 
oxidation-resistant layer thereon So as to cover the area for 
forming the photogate and to expose the area for forming the 
MOS transistor and by removing the silicon oxide layer 
formed by the oxidation, the silicon layer can have different 
optimum thicknesses to form the thick area for forming the 
photogate and the thin area for forming the MOS transistor, 
having Suitable thicknesses to Serve as the photogate and the 
MOS transistor. Thus, high-Sensitive, electric-power-Saving 
Semiconductor devices comprising the photogate having a 
high phototransformation efficiency and the MOS transistor 
having a high Switching-speed performance can be 
achieved. 

Furthermore, by arranging the Semiconductor devices 
described above in a matrix, microscopic elements can be 
integrated in a plane Surface, and thus the electronic appa 
ratus according to the present invention can receive two 
dimensional optical images. 

Thus, the image quality of electronic apparatuses Such as 
a copier and a Scanner can be effectively improved. 
What is claimed is: 
1. A Semiconductor device comprising elements, each 

having a photogate for converting light into an electric 
charge integrated with a MOS transistor for transferring the 
electric charge, 

wherein the elements are formed in a common Semicon 
ductive layer which is deposited on a first insulating 
layer to form a Substrate, 

wherein a thickness of a portion of the Semiconductive 
layer forming the photogate is larger than a thickness of 
a portion of the semiconductive layer forming the MOS 
transistor. 
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2. A Semiconductor device according to claim 1, wherein 

the Semiconductive layer forming the photogate is in contact 
with a source area of the MOS transistor. 

3. A Semiconductor device according to claim 1, wherein 
the substrate is an SOI substrate formed by depositing a 
Silicon layer on the first insulating layer. 

4. A Semiconductor device according to claim 1 wherein 
the first insulating layer includes a Silicon oxide. 

5. A Semiconductor device according to claim 1 wherein 
a first gate electrode is formed above the portion of the 
Semiconductive layer forming the photogate. 

6. A Semiconductor device according to claim 1 wherein 
a Second gate electrode is formed above the portion of the 
semiconductive layer forming the MOS transistor. 

7. An electronic apparatus comprising a structure in which 
the Semiconductor devices according to claim 1 are arranged 
in a matrix. 

8. A Semiconductor device according to claim 1 further 
comprising a Second insulating layer formed above the 
Semiconductive layer. 

9. A semiconductor device according to claim 8 wherein 
contact holes are formed in the Second insulating layer. 

10. A semiconductor device according to claim 9 wherein 
the contact holes contain aluminum for providing conduc 
tive communication to the first gate electrode and the Second 
gate electrode. 

11. A Semiconductor device according to claim 8 com 
prising a third insulating layer formed above the Second 
insulating layer. 

12. A Semiconductor device according to claim 11 com 
prising a protective layer formed above the third insulating 
layer. 

13. A semiconductor device according to claim 12 
wherein the protective layer includes a Silicon nitride pas 
Sivation layer. 


